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Abstract
Background: To assess hepatobiliary (HB) scans for predicting recurrent symptoms in nonoperated patients with
mild or vague symptomatic gallstones.
Methods: Data of 170 patients with symptomatic gallstone and who had not undergone cholecystectomy were
retrospectively enrolled. These patients were divided into two groups according to whether or not operations were
performed due to recurrent symptoms during the follow-up period. The demographic factors and gallbladder
ejection fraction (GBEF) of HB scans were compared between the groups. Additionally, symptom-free rate was
obtained beginning from the date of the HB scan to the date of surgery, and analyzed based on the level of GBEF.
Results: Among the 170 enrolled patients, two patients who underwent cholecystectomy for other disease were
excluded. Thirty-four patients underwent cholecystectomy due to recurrent symptoms (OP group), and the remaining
136 patients did not experience recurrent symptoms and therefore did not undergo cholecystectomy (non-OP group).
In the OP group, the mean GBEF was significantly lower than that of the non-OP group (28.8 ± 29.9 vs. 66.3 ± 20.0;
P < 0.001). The rate of lower GBEF (<30 %, including non-visualization of the gallbladder) was significantly higher
in the OP group than the non-OP group (54.9 vs. 5.1 %; P < 0.001). In patients with non-visualization of the
gallbladder or GBEF <30 %, the 10-year symptom-free rate was significantly lower than those with a GBEF≥ 30 %
(19.8 % vs. 81.9 %; P < 0.001).
Conclusion: HB scanning is a useful objective modality to differentiate gallstone-related symptoms from other
etiologies and predict recurrent symptoms.
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Background
Most cases of gallstone disease are asymptomatic [1, 2]
and incidentally found during routine abdominal ultrason-
ography [3]. The average risk of developing symptoms in
gallstone disease is 2.0–2.6 % per year [4]. When symp-
toms do occur, treatment by cholecystectomy is advised
[5–8]. Thus, the diagnosis of “symptomatic” gallbladder
(GB) stones is an essential step in the decision to operate.
A symptom of gallstone disease is biliary colic, which is a
severe steady pain lasting more than 15–30 min, usually
located in the epigastrium and/or right upper quadrant,
and sometimes radiating to the back [9]. However, if pa-
tients have nonspecific symptoms, such as indigestion,
discomfort, fat intolerance, and bloating in the presence of
a GB stone, it is difficult to determine if these symptoms
are associated with GB disease. Gallstone-associated
symptoms may occasionally be vague, and are usually con-
fused with other symptoms of gastrointestinal disease.
This may explain why biliary symptoms are not relieved in
6–33 % of patients after cholecystectomy [10–14]. Chole-
cystectomy in such patients is delayed because of the
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vague nature of symptoms, and a significant portion of
these patients do not undergo the procedure even though
they have symptoms [15].
There has been no useful objective modality to differ-
entiate gallstone-related symptoms from other etiologies
or to predict symptom recurrence. Hepatobiliary (HB)
scanning is a sensitive diagnostic modality for acute
cholecystitis [16–20], and is also useful for predicting
the severity of cholecystitis [21]. However, the associa-
tions between HB scan results and gallstone-related
symptoms have not been well elucidated [22, 23]. The
aim of this retrospective study was to assess the role of
HB scanning for predicting symptom recurrence in pa-
tients with vague symptomatic gallstone disease who
have not undergone cholecystectomy.
Methods
Study population and study design
At our institution, HB scanning is routinely performed
for symptomatic GB stones, except for patients who re-
quire urgent treatment due to acute cholecystitis. From
January 2004 to December 2009, HB scanning was per-
formed in 2274 patients with symptomatic gallstones.
Cholecystectomy was performed in 2058 patients. There
were 216 patients with symptomatic GB stones that did
not undergo the operation primarily due to vague and
nonspecific symptoms, among which 46 patients could
not be followed-up. The remaining 170 patients were
enrolled in this study. Follow-up of these patients was
performed via outpatient clinic or telephone interviews
by third party non-physicians, and the last follow-up was
conducted in May 2014. The symptom-free rate was ob-
tained based on the date the HB scan was performed to
the date of surgery due to recurrent symptom, or the
end of the study in May 2014. This was a retrospective
study based on prospectively recorded registry. This
retrospective study protocol was reviewed and approved
by the institutional review board at Seoul National Uni-
versity Bundang Hospital (B:1010/113–102). The con-
sents from patients for this retrospective study were
waived by the institutional review board at Seoul National
University Bundang Hostpial (B:1010/113–102).
HB scanning
The HB scan protocol of our hospital was described pre-
viously [21]. Following an overnight fast, HB scintig-
raphy was performed using 99mTc-mebrofenin with a
bolus intravenous infusion of 15 mCi. If no radioactivity
was detected in the GB area at 4 h after the infusion, the
patient was classified as having non-visualization of the
GB, and the scintigraphic recording was finished. For
the patients with detectable radioactivity that corre-
sponded to the GB area, the infusion of the radioactive
marker and the scintigraphic recordings were continued.
The patient then ingested a standard fat meal consisting
of an omelet and a glass of water, and scintigraphic re-
cordings were performed every 30 s for 60 min. By gener-
ating a region of interest over the GB area, the maximum
GB ejection fraction (GBEF) was calculated.
Statistics
All analyses were performed using SPSS 17.0 for Windows
(SPSS Inc., Chicago, IL, USA). The continuous parameters
in each group were compared by the Mann–Whitney U
test, and the categorical parameters were compared using
the χ2 test or Fisher’s exact test. Recurrent symptom-free
rate was calculated using the Kaplan–Meier method. The
continuous, normally distributed data are presented as
mean ± standard deviation, and the nonparametric values
are expressed as median (range). Differences were consid-
ered significant at P < 0.05.
Results
Demographic data and clinical outcome during follow-up
The patient population was comprised of 77 men and
93 women with a mean age of 54.3 y. Initially, 29.4 %
(50/170) of patients complained of biliary colic and
70.6 % (120/170) had upper abdominal discomfort, in-
digestion or intolerance of a fatty meal without biliary
colic. Thirty-four of the patients underwent cholecystec-
tomy during a mean follow-up period of 58.5 ± 29.3 mo
(range: 4.0–124.0 mo). Thirty-two (32/170; 18.8 %) pa-
tients experienced recurrent symptoms or symptoms of
acute cholecystitis and underwent cholecystectomy (OP
group); cholecystectomy was performed on two patients
without any recurrent symptoms for other unrelated dis-
eases and they were excluded from the analysis. A total of
136 patients did not experience any recurrent symptoms
and did not undergo cholecystectomy (non-OP group).
There were no significant differences in sex, age, or initial
symptoms between the groups (Table 1). For the patients
in the OP group, 29 were followed-up over a median of 24
mo (range: 4.0–75.0 mo) after cholecystectomy; 96.6 %
(28/29) of the patients showed disappearance of symp-
toms, but one patient complained of sustained symptoms.
HB scan results and symptom recurrence
The mean GBEF was significantly lower in the OP
group that in the non-OP group (P < 0.001) (Table 2).
Moreover, the GBEF values were significantly lower in
the OP group when patients were classified according
to symptoms (all P < 0.05). The GBEF was < 30 % for
significantly more patients in the OP group compared
to the non-OP group (P < 0.01), including 12 patients
with non-visualization of the GB in the OP group
and two patients in the non-OP group. In patients
with GBEF < 30 %, the 10-year symptom-free rate was
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significantly lower than those with a GBEF ≥ 30 % (19.8 vs.
81.9 %; P < 0.001) (Fig. 1).
Discussion
If the GB-associated symptoms are distinct or severe,
the decision to operate is straightforward. Therefore,
most of the patients with symptomatic GB stones will
undergo cholecystectomy. However, there is a significant
portion of patients with symptoms that do not undergo
operation, such as those with vague symptoms, for
whom observation is initially preferred.
For patients with gallstone-related biliary colic, the
symptom relief rate after cholecystectomy is higher than
that for patients with other nonspecific symptoms [12, 24].
However, additional symptoms in some patients can be
vague, and surgery is not usually performed. In the present
study, 80 % of patients who described their symptoms as
“biliary colic”, though mild, did not develop recurrent
symptoms or undergo subsequent cholecystectomy. Fur-
thermore, symptom recurrence did not differ in patients
with other nonspecific symptoms, such as epigastric
discomfort, indigestion and fat intolerance. These find-
ings demonstrate that mild or vague subjective symptoms,
including patient-reported “biliary colic”, are not accurate
indicators for differentiating specific gallstone-associated
symptoms from those of another etiology.
The pain associated with symptomatic GB stones is re-
lated to decreased gallbladder motor function that is sec-
ondary to an intermittent and partial obstruction of the
cystic duct or functionally impaired GB [25], which can
be revealed by HB scanning without interobserver vari-
ability. A normal finding on an HB scan indicates normal
patency of the cystic duct, and patients with gallstones
that are not causing symptoms typically have normal gall-
bladder contractility. The HB scan may be useful for pre-
dicting the clinical course of symptomatic GB stones and
to select patients for cholecystectomy, such as those with
biliary colic showing low GBEF [26–30]. In the present
study, patients who experienced recurrent symptoms had
lower GBEF values and rate of GB non-visualization, and
the 10-year symptom-free rate was significantly lower in
patients with GBEF < 30 % compared to those with a
GBEF ≥ 30 % (19.8 vs. 81.9 %; P < 0.001). According to this
result, when a patient has a nonspecific symptom such
as indigestion or discomfort, cholecystectomy should
be considered if an HB scan reveals low GBEF. In con-
trast, when GBEF is ≥ 30 % in patients with mild and
vague symptoms, their symptoms may not be gallstone
related. These findings suggest that preoperative HB
scanning may be useful to distinguish gallstone-related






Mean GBEF, %c 28.8 ± 29.9 66.3 ± 20.0 <0.001a
With biliary colic 18.2 ± 30.1 (n = 12) 61.5 ± 22.0 (n = 38) 0.001a
With epigastric
discomfort
41.3 ± 33.5 (n = 18) 65.8 ± 20.5 (n = 84) 0.011
With indigestion
and fat intolerance
35.2 ± 1.4 (n = 2) 72.3 ± 17.3 (n = 14) <0.001a
GBEF < 30 % or
nonvisualization of
GB, n (%)
19 (59.4) 7 (5.1) <0.001b
Abbreviations: GBEF Gallbladder ejection fraction, OP cholecystectomy due to
recurrent symptoms during follow-up period
aMann–Whitney U test
bχ2 test
cData is presented as mean ± standard deviation
Fig. 1 Symptom-free rates. GB, gallbladder; GBEF, gallbladder
ejection fraction; HB, hepatobiliary






Age, yc 52.2 ± 14.8 54.7 ± 14.1 0.391a
Sex, nd 19/13 57/79 0.056b
Presence of underlying disease,
n (%)
4 (12.5) 28 (20.6) 0.216b
Initial symptom, n (%) 0.591b
Biliary colic 12 (37.5) 38 (27.9)
Epigastric discomfort 18 (56.3) 84 (61.9)
Indigestion 1 (3.1) 11 (8.2)
Fat intolerance 1 (3.1) 3 (2.2)




cData is presented as mean ± standard deviation
dData is presented a (male/female)
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symptoms from other etiologies, and for the decision to
perform cholecystectomy.
Despite the apparent advantages, HB scanning is time
consuming for patients who require delayed scans to
check for slow emptying, taking several hours to achieve
a final diagnosis. Moreover, it requires specialized equip-
ment that may not be available at all institutions. There-
fore, HB scanning can be applied to select patients with
GB stones who show nonspecific vague symptoms or
biliary colic. Further studies are required to confirm if
these findings are applicable to patients in countries be-
yond Asia, such as European or American populations
with different dietary habits and compliance to treat-
ment. Additionally, further study with comparison to a
control group comprised of those with non-visualization
of the GB or GBEF < 30 % and no gallstones is needed to
verify the predictive value of HB scanning. Therefore,
prospective studies with validated questionnaires and
longer follow-up periods are needed.
Conclusion
HB scanning is a useful, objective modality to differenti-
ate gallstone-related symptoms from other etiologies and
to predict symptom recurrence. As such, HB scans can
be used to aid in the decision to perform cholecystec-
tomy in patients with vague symptomatic gallstones.
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